(SE). Linear models (LM) showed positive correlations between E 2 and T in both the 1 2 0 female plasma (SI Appendix, Fig. S1A , F 1, 16 = 4.608, p = 0.048) and their egg yolks 1 2 1 (SI Appendix, Fig. S1B , F 1,23 = 7.338, p = 0.013). In reptiles, maternally derived 1 2 2
hormones are constant across all eggs of a given clutch 27 , which we confirmed with a 1 2 3 subset of clutches where two egg yolks were analysed (Paired t-tests: T: df = 11, t = 1 2 4 0.224, p = 0.827; E 2 : df = 10, t = -0.885, p = 0.397; E 2 :T: df = 9, t = -1.173, p = 1 2 5 0.271).
2 6
There was a significant non-linear correlation between T concentrations in adult 
3 7
Immediately after oviposition, the clutches of these 26 females and two others (n = 1 3 8 28) were relocated into an in-situ experimental hatchery that was protected from 1 3 9
predation, yet exposed to natural sand and weather conditions. We buried clutches 1 4 0 at a depth of 55 cm to standardise the thermal incubation environment. We 1A ). Incubation duration, the time between oviposition and neonate 1 5 0 emergence, is also often used as a proxy to predict offspring sex ratios (e.g. r 2 = 0.73 1 5 1 in nests in Brazil 29 ) and was recorded for each clutch 29 . Using the established logistic 1 5 2 relationship between incubation duration and sex ratio observed in loggerhead turtles 1 7 2
We identified three APC clusters ( Fig. 2A ). Two of these originate from clutches with 1 7 3 short incubation durations, the classic trait of female neonates, and were 1 9 0 mean = 1.52 ± 0.06 (SE)). LMMs did not detect any difference in weight (F 1, 348 = 1 9 1 0.024, p = 0.878) or size (F 1, 218 = 0.766, p = 0.382) between the sexes, as would be 1 9 2 expected under these conditions by the Charnov-Bull theory 11 . Second, by combining 1 9 3 individual offspring sex into an estimate of clutch sex ratio, and comparing this to the 1 9 4
incubation duration, we found the specific logistic regression curve that characterises 1 9 5 incubation durations in Type Ia TSD species (Fig. 2C ). The pivotal duration was fitted 1 9 6
to a value of 57.25 days (95% CIs: 57.09, 57.43), with a transitional range of 1 9 7 incubation durations of 2.15 days (95% CIs: 1.52, 2.77).
9 8
Importantly, if individual sex were incorrectly assigned, this distinctive pattern of TSD 
0 6
After establishing that the inter-clutch variation in sex ratio (and also in incubation 2 0 7
duration, see SI Appendix) was too great to be produced by temperature alone, we 1, p = 0.146). There was no relationship between yolk E 2 and incubation duration or 2 1 5 clutch sex ratio (Fig. 3B , incubation duration: F 1,23 = 3.169, p = 0.088, sex ratio: x 2 = 2 1 6 0.183, df = 1, p = 0.669), yet the yolk E 2 :T ratio showed a non-linear relationship with 2 1 7
both incubation duration (Fig. 3C, F 1 ,21 = 12.882, p = 0.002) and sex ratio 2 1 8
independently of temperature (x 2 = 7.064, df = 2, p = 0.029). A maximum incubation 2 1 9 duration of 57.2 days was observed at an equal hormone ratio (E 2 :T of 1.05, y = -2 2 0 7.8x 2 + 16.3x + 48.7) with the highest levels of male offspring developing at this 2 2 1 point.
2
Male offspring production was highest when maternal investment of E 2 and T to the 2 2 3 yolk was equal. Asking whether the production of either sex is more costly in terms of 2 2 4 total hormone investment, we compared the total hormone concentration (E 2 + T) 2 2 5
with the overall E 2 :T ratio. This relationship was again non-linear, with total hormone 2 2 6 investment being highest when the E 2 :T ratio was unequal (LM: F 2,22 = 4.951, p = 2 2 7 8 0.017), suggesting that producing females requires more maternal investment than 2 2 8 males. The total hormone investment also showed a non-linear relationship with 2 2 9 clutch size (log(E 2 + T): F 2,22 = 4.306, p = 0.026), with an initial increase in investment 2 3 0 across clutch sizes between 65 and 75 eggs, after which investment declined with 2 3 1 increasing clutch size.
3 2
Finally, to illustrate how maternal hormone transfer could impact population 2 3 3 dynamics, we re-parameterised a mathematical model of neonate sex ratio for the 2 3 4
Cape Verde population 4 based on IPCC climate emission prediction SRES2, from the 2 3 5
Fourth Assessment Report released in 2007. We made the simple assumption that 2 3 6 the effect of maternally derived hormones on sex ratio is constant across a thermal 2 3 7 gradient and applied the 26.1% observed difference in male offspring production for 2 3 8 the coming century ( Fig. 4) . With a mechanism of this possible strength, the 2 3 9
population is unlikely to reach the levels of extreme feminisation previously 2 4 0
forecasted -instead of female production reaching over 97% in 2100, it is likely to relationship between sex ratio and incubation duration fits the known logistic 2 7 5 regression curve observed in Type Ia TSD species. We anticipate that this non-lethal 2 7 6 approach will prove an invaluable tool for both research on TSD in sea turtle species 2 7 7 and also for wider conservation.
7 8
Despite the standardised thermal environment of clutches within this experiment, 2 7 9
high levels of variation in incubation duration and sex ratio were observed, which 2 8 0 correlated with maternally derived hormones within the egg yolk. The relationship 2 8 1 between the yolk E 2 :T ratio and clutch sex ratio was best described by a quadratic of these hormones in other species 2, 17, 19 . Interestingly, in all other reptiles for which 2 8 8 data is available, the E 2 :T ratios that are transferred to the yolk consistently remain 2 8 9 below or above the ratio of one 37 . Thus, our study is the only example of both 2 9 0 hormones influencing the feminisation process of reptiles under natural conditions.
9 1
Total hormone concentrations within the yolk were lowest at an equal E 2 :T ratio. If to feminise the clutch. However, product-feedback inhibition likely prevents further E 2 3 0 1
being synthesised from T, and consequently male offspring are produced.
0 2
There is no doubt that temperature is the primary determinant of sex in TSD species, 3 0 3 yet there is growing evidence that E 2 and, indirectly, T affect the same developmental 3 0 4 pathways 2,19 . Accordingly, a clutch specific threshold exists for feminisation that is the 3 0 5 product of both temperature and maternal hormone transfer. A shift towards an equal 3 0 6 E 2 :T ratio and lower maternal investment will increase the pivotal temperature away 3 0 7 from the feminisation threshold, and consequently warmer temperatures would be 3 0 8
required to feminise a clutch. This aligns with sex ratios observed here, which 3 0 9
contained 26.1% more males than expected from a pivotal temperature of 29 °C.
1 0
However, this mechanism will be constrained by physiological limits of maternal 3 1 1 hormone investment.
1 2
Two maternal traits show a relationship with levels of hormone transfer to the clutch. Endocrinol. 111, 306-317 (1998 histological examination and nest temperatures at Fethiye beach, Turkey.
3 0
Naturwissenschaften 93, 338-343 (2006) . 
